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Abstract

Sandal (Santalum album L.) is an economically important tropical tree species, owing to extensive logging, changes in
land-use patterns and poor natural regeneration, the natural sandal populations are rapidly dwindling. It is feared that
such threats could easily undermine the genetic diversity of sandal populations and effective measures to prevent such
loss are prerequisite. This study was measured the total phenolics contents were analyzed, the functional groups and
chemical compounds using FT-IR and GC-MS. The phenolic acids in rhizosphere soil were extracted and detected by GC-
MS, like 2, 4-Di-tert-butylphenol, 2-Butenedioic acid (Z), dibutyl ester, 1, 2-Benzenedicarboxylic acid, bis(2-methylpropyl)
ester, Diethyl Phthalate and Phthalic acid, butyl nonyl ester were found to have different content changes. Phthalic acid,
butyl nonyl ester having antifungal, antiviral and antibacterial activities. Diethyl Phthalate having auto toxicity nature,
which may inhibit the growth, as well as effects of the above phenolic acids and esters on the growth of sandal. This
study presents a simple untargeted metabolomics workflow for extraction and an approach to estimate microbial
metabolite available in rhizosphere soils. We have developed baseline data on the levels of metabolites distributed on S.
album rhizosphere soil. This study was aimed to determine the metabolites that have the strongest relationship with
sandalwood. Thus, GC-MS and FTIR has the potential to impact soil science by investigating the adaptable soil
metabolomes in forestry fields, knowledge of which could be used to improve sandal production.
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Sandal (Santalum album L.) is an endemic East Indian
sandalwood tree, which is sought for its fragrant heartwood and
essential oil. Due to heavy commercial exploitation, the number
of populations of sandal in their native habitat has significantly
decreased [1], with its hemiparasitic nature initial for establish,
sandalwood growth is strongly influenced by its surroundings,
particularly the soil and host plant [2-3]. Sandalwood and the
host plant would be physically, morphologically and
physiologically connected via the created haustorium. Thus, the
connection would permit the parasite plant to receive nutrients
and water from the host plant [4]. In addition to complex
microbial communities, soil is made up of both organic and
inorganic chemical components, collectively known as the soil
metabolome [5]. Microbes have a role in the biological
complexity of soil and the cycling of nutrients. There is a lot of
research being done on how crop/forest tree production
interacts with the soil metabolome. Little is understood about
how the soil metabolome as a whole affects plant disease
resistance, despite ongoing attempts to characterize the soil
microbiome using genetic techniques, which reveal information
on the composition of the microbial community [6].

Metabolomics is the generic name assigned to a
scientific field that addresses the characterization of low
molecular weight organic metabolites released by living
organisms in response to environmental stimuli. The difficulty
of detecting a large number of metabolites and the requirement

for developing metabolite databases specifically devoted to
environmental challenges are both highlighted [7]. Metabolites
are indispensable component of plant metabolism owing to their
influence on plant biomass and architecture [8]. In secondary
metabolites are low molecular weight organic compound
involved in communication between microbial communities
and host plants [9]. Some compounds that are introduced into
the rhizosphere cannot be broken down by microbes and build
up to a certain amount, posing a threat to plant growth [10]. In
order to accomplish the impact of plant inhibition, particular
auto toxic compounds are reversibly absorbed by soil.

Consequently, research into autotoxicity is crucial to
understanding how continual cropping obstacles work [11].
Currently, the allelochemicals released into the rhizosphere soil
by root secretion, leaching, decomposition and other means,
mostly include esters, phenolic acids, and alkanes are intimately
related to the study of ongoing planting barriers of sandal plants
[12]. Hence, the present investigation is to focus the
metabolomics role for soil fertility in sandal rhizosphere
domain.

MATERIALS AND METHODS

Sample collection
A one-year-old sandal tree without host plant
rhizosphere soil sample was collected from RBL Nursery Field
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at Bharathidasan University (10°4029"N 78°44'39"E) in the
Tiruchirappalli district of Tamil Nadu, India. The study was
conducted in 2021-2022. The experimental site has a semi-arid
environment with 387 mm of annual precipitation distributed as
drier June through September, wetter January through
February, hotter April through May, and cooler October
through December. Three sandal saplings are planted at once in
different ways. One sapling planted without host, second one
with Actionobacteria treated seeds without any host and the
third one with biofertilizer treated with Actionobacteria.
According to morphology basis we chosen Actionobacteria
treated one year sandal tree for sample processing. The research
area's soil was a low-fertility, red soil with a pH of (5.4). The
drip irrigation system offered on summertime protective
irrigation for the plantation. The collected soil sample was kept
under shadow dry for one week. After drying the soil sample
was homogenized and sieved with the help of 2mm sieve mesh.
The fine powdered soil sample was kept at -20 °C.

Soil extraction

Collected rhizosphere soil extraction were performed
using LC-MS grade water (pH 7.4), 10 mM K3SO4 (pH 6.3), 10
mM NHsHCO; (pH 8.5), isopropanol/methanol/ water (3:3:2
viviv) or 10-100% methanol. All extraction solutions were
sterilized by filtration through 0.2 mm cellulose acetate filters.
Field-moist soil (2 g, unfumigated or fumigated) was added to
50 ml polypropylene Falcon tubes and kept on ice. Ice cold
extraction solution (8 ml) was added followed by a spike with
the internal standard, ABMBA (8 mg). Sample were shaken on
an orbital shaker at 200 rpm for 1 h at 4°C, and then centrifuged
at 3220 rpm for 15 min. The supernatant was filtered through
0.45 mm syringe filters into 15 ml tubes and dried in a Savant
Speed Vac SPD111V up to 8 hrs. Dried residues were
resuspended in 200 ml methanol, vortexed and sonicated for 5
min followed by a final filtration through 0.22 mm centrifugal
membranes and an aliquot (100 ml) dried for GC-MS
derivatization.

ATR- FTIR spectrum analysis

For soil analysis, Fourier transform infrared (FTIR) and
attenuated total reflectance spectroscopy (ATR) are frequently
used [13]. For ATR- FTIR spectrophotometry analysis, 8 mg of
dried soil sample was mixed with 1 ml of methanol. A handheld
Jasco Fourier transform infrared spectrometer - 4600 was used
to scan attenuated total reflectance (ATR) spectra (Jasco
Corporation, Japan). A spectral resolution of 4 cm™ was used to
capture spectra in the range of 4000 to 550 cm™. For better
contact, the soil sample was placed up against the diamond
reflecting element. A blank reference was scanned first, and
then the soil sample.

Conditions for chromatography and mass spectrometry
GC chromatographic conditions

The flow rate is 1.2 mL/min, and the tail blowing flow is
60 mL/min, total flow 1.2 mL/min, post air flow 1 mL/min.
Injection port temperature 180 °C, injection volume 1 pL, no
split injection. Column temperature program, -60 °C - 325 °C
(350 °C).

GC-MS conditions

The constant current mode, the flow rate is 1.2 mL/min,
the inlet temperature is 260 °C, the injection volume is 1 pL,
there is no split injection, the GC-MS interface temperature is
300 °C, the ion source temperature is 230 °C, the quadrupole
temperature is 150 °C, the ionization mode is EI, the electron
energy is 70 eV, and the multiplier voltage is added 400 V after

automatic tuning. Column temperature procedure, 60 °C - 325
°C (350 °C). This study was to investigate the growth of S.
album tree and their rhizosphere soil for separation, and analyze
the content change of phenolic acids and ester compounds, so
as to judge whether phenolic acids and ester compounds had
allelopathic effect on the growth of Santalum album.

GC-MS data acquisition

Metabolites were recorded for S. album rhizosphere soil
sample using GCMS. Data acquisition was carried out by the
GCMS SCAN_B.amx method. The peak area in a GC-MS
chromatogram was automatically integrated and corrected
through the NIST library. The resulting peak lists were
submitted to the NIST library. The results were manually
verified by analyzing Matching ratio and Uniqueness
parameters and cross referenced with data available on the
NIST library. The chemical shift assignment for each peak was
recorded and compared to hits from the known databases for
compound identification. Chemical identities were confirmed
using GC-MS from NIST.

Statistical analysis

Statistical analyses were carried out using Origin Pro.
Score plots were prepared with OriginPro 2019b (32-bit), using
the average and standard deviations determined for sandal plant
whose seeds were treated with Actinobacteria.The organization
of samples in PCA scores plots is based on the similarities
between their metabolic profiles.

RESULTS AND DISCUSSION

According to morphology aspects, actinobacteria treated
seeds showed high quality results when compared with other
two experimental observations. After comparison high
morphology sandal tree rhizosphere soil was taken for
metabolites identification. Complex metabolite mixtures were
obtained by extraction of the soil sample from methanol as an
evidenced by comparison of representative GC-MS and FT-IR.
During GC-MS analysis the predominant numbers of peaks
were observed in regions of the spectra through NIST17 library
where phenols and ester compounds were identified. FT-IR
analysis revealed the presence of amines, alkane, aldehyde,
alcohol, and ether. Accordingly, regulatory programs
worldwide are currently incorporating tests with endpoints that
involve the effects of chemicals and the impact in specific
metabolic pathways. Toxicological end-points can be general
biological responses such as survival or weight loss. According
to this several metabolites arise from the S. album field had
some toxic nature and other metabolites had growth promotion
in soils listed in (Table 1).

Table 1 Band assignments in FTIR spectra of S. album and
its methanol extracts
Functional group

Wave number cm™? Compound class

3790.4 O-H stretching Alcohol
3662.16 O-H stretching Alcohol
3321.78 N-H stretching Secondary amine
2944.77 C-H stretching Alkane
2347.91 O=C=Stretching Carbon dioxide
1737.55 C=0 stretching Aldehyde
1366.32 S=0 stretching Sulfonamide
1216.86 C-O stretching Vinyl ether
1020.18 C-N stretching Aliphatic amine

Techniques based on Gas chromatography mass
spectrometry are certainly required to understand the



mechanisms involved in the alteration of metabolic pathways as
response to autotoxicity. (Fig 1) illustrates the change in the
fingerprint of organic compounds in a S. album soil with
different sources. While some of the groups of compounds
might be merely related to the sources of carbon added (550-
4000 cm™) can be associated to changes in the metabolic
fingerprint of the S. album soil system and therefore linked to
microbiological activity in soil. Overall, the introduction of
these results seeks to encourage further characterization of
families of compounds in intact soil or function in relation with
soil processes, an approach that can find immediate application
in the assessment of biological responses to toxic compounds in
S. album soil. The variability of biological responses has been
one of the main obstacles for their implementation in
standardized risk assessment. However, the examination of
changes in biological processes by accurate analytical
techniques had launched a new era in our understanding of the
soil processes. The possibility of identifying the most sensitive
metabolites of S. album may alter their function in growth and
development.
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Fig 1 Absorption spectra obtained by Fourier transform infrared
spectroscopy (FTIR) for S. album soil

Chemical constituents identified in the methanol extracts
of S. album rhizosphere soil are presented in (Table 2). 2,4-di-
tert-butylphenol (2,4-DTBP) (42.87%), 1,2-
Benzenedicarboxylic acid, bis(2-methylpropyl) ester (4.7%),2-
Butenedioic acid (Z), dibutyl ester (58.63%), Diethyl Phthalate
(79.76%) and Phthalic acid, butyl nonyl ester (6.8%) were the

major constituents identified from the methanol extracts of S.
album rhizosphere soil (Fig 2). Compared with literatures out
of five metabolites, majorly 2, 4-di-tert-butylphenol in S. album
may show the positive effect on growth and development and
diethyl phthalate may shows toxicity in S. album. 2, 4-Di-tert-
butylphenol showed the peak at 15.964. 2-Butenedioic acid (Z)-
, dibutyl ester showed the peak at 16.580. Diethyl Phthalate
showed the peak at 17.909. 1,2-Benzenedicarboxylic acid, bis
(2-methylpropyl) ester showed the peak at 24.157. Phthalic
acid, butyl nonyl ester showed the peak at 26.788.
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Fig 2 GC-MS analysis of S. album rhizosphere soil from methanol
extracts

The five phenolic contents in Santalum album varied
depend on their growth and the plant morphology. The
phenolics compounds are all accumulated in the rhizosphere
part of young sandal tree plant. In this study, we experimented
with three sandal trees. First sandal sapling was planted without
host, secondly sandal seeds were coated with Actinobacteria
culture and planted without host and finally the third sapling
was planted without host and treated with biofertilizers +
Actinobacteria. The cultured soil nutrient condition might
influence the phenolic content in one year old Santalum album
tree sample, the soil moisture, and the growth time. According
to reports, the ability to withstand environmental biotic and
abiotic stimuli is greatly influenced by the accumulation of
secondary metabolites. These secondary metabolites aid
stressed plants in adjusting to various environmental factors,
such as the antioxidant phenol and flavonoid accumulation [14].
However, in this study we found that Actinobacteria treated
sandal tree shows high girth and height compared to the
untreated sandal tree morphology aspects.

Table 2 Identified metabolites of methanol extracts of S. album rhizopshere soil

S. No. Names of compounds CAS Molecular weight (g/mol) Formulas
1.  2,4-Di-tert-butylphenol 96-76-4 206.32 C14H2,0
2. 1,2-Benzenedicarboxylic acid, bis(2-methylpropyl) ester ~ 84-69-5 278.3435 Ci16H2204
3. Diethyl phthalate 84-66-2 222.24 C12H10
4.  2-Butenedioic acid (Z)-, dibutyl ester 105-76-0 228.2848 C12H2004
5. Phthalic acid, butyl nonyl ester 348.5 C21H3,04

However, for screenings which merely require the
detection of differences between metabolomic methods such as
FT-IR would be suitable, particularly if extremely high sample
throughput is required [15]. The FTIR spectra derived from
Actinobacteria treated sandal tree soil sample showed a
difference in functional grouping. Cultured sandal tree having
differences in the content level of metabolites. The functional
groups obtained from the extracts of Actinobacteria treated
sandal tree soil sample are S=O, C=0, C-O, C-N, C=C, -CH,
—NH, and —OH, which are likely to be associated with
antioxidant activity [16].

2-Butenedioic acid (Z), dibutyl ester, Diethyl Phthalate
and Phthalic acid, butyl nonyl ester are previously reported in

heartwood GC-MS analysis [17]. 2, 4-DTBP was found in 16
species of bacteria in 10 families, such as nitrogen-fixing
cyanobacteria [18]; Gram-positive bacteria in hot spring, soils,
and food [19-24] and gram-negative bacteria in soil and
freshwater [25-30]. 2, 4-DTBP can be produced in some species
of Aspergillus [31], Penicillium [32-34] and Fusarium [35], but
experiments showed the phenol could inhibit the growth of
these fungi. 2, 4-DTBP shows potential as a natural and
environmentally friendly herbicide for weed management [36].

2, 4-DTBP has potent herbicidal properties that can alter
the chloroplast ultrastructure, thereby reducing physiological
activity of these weedy plants [37]. The findings imply that 2,
4-DTBP may potentially be developed as a soil-applied natural
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herbicide for the control of L. chinensis and perhaps other  composite soil (1.59% organic carbon); diethyl phthalate
weeds in an aerobic rice system [38-39]. Previous studies have ~ moved through the soil at half the rate of water [47].
confirmed that 2, 4-di-tert-butylphenol (2, 4-DTBP) is a major

autotoxin of the root exudates that severely hampers the yield CONCLUSION
and quality of Lanzhou lily [40]. It was found that 2, 4-DTBP
primarily accumulated in the transition tissues between the In the present study, we investigated the role of 2, 4-

heartwood and sapwood as the major component in the ethyl DTBP alone on soil enzymes and microorganisms in the
acetate extracts [41]. The bioactive metabolites of nodule  rhizosphere soil of Santalum album. In this study, 2, 4-DTBP
associated microbes (NAM) revealed the existence of several might be resulted as growth compound for Santalum album
soluble metabolites which includes 2, 4-Di-tert-butylphenol, 1, rhizosphere soil, which may be one of the mechanisms that
2-Benzenedicarboxylic acid, bis(2-methylpropyl) ester and  trigger growth of Santalum album. The present investigation
phthalic acid butyl hex-3-yl ester were identified in Shirley  found that GC-MS analysis of the methanol extract of
Evangilene et al. [42]. 2-Butenedioic acid (Z)-, dibutyl ester  rhizosphere soil sample from Santalum album revealed the
shows antibacterial activity in Kochia indica Wight [43]. presence of multiple bioactive constituents responsible for

There is a great need to understand the environmental ~ sandal growth and development. One metabolite shows toxic
impacts of organic pollutants on soil health. Phthalates are  effect which may affect the sandal growth compared to other
widely used in consumables and can be found extensively. literatures. GC-MS analyses of rhizosphere soil extract
Diethyl phthalate (DEP) has a significant effect on microbial depicting the significant role of bioactive compounds in plant
communities and subsequently potential consequences for  growth promotion. Successful planting practices would be
environmental processes. Chemicals in the environment and encouraged upon formulating ecofriendly soluble metabolites
their effect on soil health have led to increasing interest in responsible for beneficial effects on plant growth under extreme
monitoring acute and chronic toxicity and mutagenicity in soil ~ environments and constructing inbuilt resistance against
[44-46]. Diethyl phthalate is a man-made colorless liquid with phytopathogens. These findings provide a basic understanding
a slight aromatic odor and a bitter, disagreeable taste. Diethyl of the autotoxins and the bioactive metabolite compounds
phthalate is also used in cosmetics, insecticides, and aspirin. between Santalum album and the rhizosphere soil, which is
Diethyl phthalate is fairly mobile in soil, based on tests of the significant for understanding the growth mechanism of
absorption of diethyl phthalate from double-distilled water onto Santalum album.
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Fig 3 Multivariate analysis of extracted metabolites from actinobacteria treated seeds rhizosphere soil. Principle component analysis (PCA)
score plot (A) demonstrating the actinobacteria treated seeds rhizosphere soil metabolites

LITERATURE CITED

1. Teixeira da Silva JA, Dobranszki J. 2016. Magnetic fields: how is plant growth and development impacted? Protoplasma 253(2):
231-248. https://doi.org/10.1007/s00709-015-0820-7.

2. Liu XJ, Xu DP, Xie ZS, Zhang NN. 2009. Effects of different culture media on the growth of Indian sandalwood (Santalum
album L.) seedlings in Zhanjiang, Guangdong, southern China. Forestry Studies in China 11(2): 132-138.
https://doi.org/10.1007/s11632-009-0023-4.

3. Ouyang Y, Zhang X, Chen Y, da Silva JAT, Ma G. 2016. Growth, photosynthesis and haustorial development of semiparasitic
Santalum album L. penetrating into roots of three hosts: a comparative study. Trees 30: 317-328.
https://doi.org/10.1007/s00468-015-1303-3.

4. Maffei ME. 2014. Magnetic field effects on plant growth, development, and evolution. Front. Plant Science 5: 445. doi:
10.3389/fpls.2014.00445

5. Gougoulias C, Clark JM, Shaw LJ. 2014. The role of soil microbes in the global carbon cycle: tracking the below-ground
microbial processing of plant-derived carbon for manipulating carbon dynamics in agricultural systems. Journal of the
Science of Food and Agriculture 94(12): 2362-2371. https://doi.org/10.1002/jsfa.6577.

6. Mowlick S, Inoue T, Takehara T, Kaku N, Ueki K, Ueki A. 2013. Changes and recovery of soil bacterial communities influenced
by biological soil disinfestation as compared with chloropicrin-treatment. AMB Express 3(1): 1-12.


https://doi.org/10.1007/s00709-015-0820-7
https://doi.org/10.1007/s00709-015-0820-7
https://doi.org/10.1007/s11632-009-0023-4
https://doi.org/10.1007/s00468-015-1303-3
https://doi.org/10.1002/jsfa.6577

7.

Bundy JG, Davey MP, Viant MR. 2009. Environmental metabolomics: a critical review and future
perspectives. Metabolomics 5(1): 3-21. https://doi.org/10.1007/s11306-008-0152-0.

8. Turner MF, Heuberger AL, Kirkwood JS, Collins CC, Wolfrum EJ, Broeckling C D, Jahn, C E. 2016. Non-targeted metabolomics

in diverse sorghum breeding lines indicates primary and secondary metabolite profiles are associated with plant biomass
accumulation and photosynthesis. Frontiers in Plant Science 7, 953. https://doi.org/10.3389/fpls.2016.00953.

9. Sharrar AM, Crits-Christop A, Méheust R, Diamond S, Starr EP, Banfield JF. 2020. Bacterial secondary metabolite biosynthetic

10

11.

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

potential in soil varies with phylum, depth, and vegetation type. mBio 11(3): e00416-20.

. Chen Y, Miller JR, Francis JA, Russell GL, Aires F. 2003. Observed and modeled relationships among Arctic climate variables.

Jr. Geophys. Research 108(D24): 4799. doi:10.1029/2003JD003824.

Yang RX, Gao ZG, Liu X, Yao Y, Cheng Y. 2014. Root exudates from muskmelon (Cucumis melon L) induce autotoxicity and
promote growth of Fusarium oxysporum f. sp. melonis. Allelopathy Journal 33(2): 175-197.

Chen LC, Wang SL, Wang P, Kong CH. 2014. Autoinhibition and soil allelochemical (cyclic dipeptide) levels in replanted
Chinese fir (Cunninghamia lanceolata) plantations. Plant and Soil 374(1): 793-801. https://doi.org/10.1007/s11104-013-
1914-7.

Viscarra Rossel RA, Adamchuk VI, Sudduth KA, McKenzie RA, Lobsey C. 2011. Proximal soil sensing: an effective approach
for soil measurements in speace and time. Advances in Agronomy 113: 237-282.

Hashim AM, Alharbi BM, Abdulmajeed AM, Elkelish A, Hozzein WN, Hassan HM. 2020. Oxidative stress responses of some
endemic plants to high altitudes by intensifying antioxidants and secondary metabolites content. Plants 9: 869.

Kosa G, Shapaval V, Kohler A. 2017. FTIR spectroscopy as a unified method for simultaneous analysis of intra- and
extracellular metabolites in high-throughput screening of microbial bioprocesses. Microbial Cell Factories 16: 195.
https://doi.org/10.1186/s12934-017-0817-3

Saleh MSM, Siddiqui MJ, Mat So’ad SZ, Roheem FO, Saidi-Besbes S, Khatib A. 2018. Correlation of FT-IR fingerprint and
a-glucosidase inhibitory activity of salak (Salacca zalacca) fruit extracts utilizing orthogonal partial least square. Molecules
23:1434.

Baylay AJ, Spurgeon DJ, Svendsen C, Griffin JL, Swain SC, Sturzenbaum SR, Jones OA. 2012. A metabolomics-based test of
independent action and concentration addition using the earthworm Lumbricus rubellus. Ecotoxicology 21(5): 1436-1447.
https://doi.org/10.1007/s10646-012-0897-0.

Zhang DH. 2018. Volatiles analysis of several nitrogen-fixing Cyanobacteria isolated from rice fields using gas
chromatography-mass spectrometry. Journal of Anhui Agricultural Sciences 46: 145-148.

Aissaoui N, Mahjoubi M, Nas F, mghirbi O, Arab M, Souissi Y, Hoceini A, Masmoudi AS, Mosbah A, Cherif A, Nihel Klouche-
Khelill. 2019. Antibacterial potential of 2, 4-di-tert-butylphenol and calixarene-based prodrugs from thermophilic Bacillus
licheniformis isolated in Algerian hot spring. Geomicrobiology 36: 53-62. https://doi.org/10.1080/01490451.2018.1503377.

Viszwapriya D, Prithika U, Deebika S, Balamurugan K, Pandian SK. 2016. In vitro and in vivo antibiofilm potential of 2, 4-Di-
tert-butylphenol from seaweed surface associated bacterium Bacillus subtilis against group A streptococcus. Microbiological
Research 191: 19-31. https://doi.org/10.1016/j.micres.2016.05.010.

Akshatha JV, Prakash HS, Nalini MS. 2016. Actinomycete endophytes from the ethno medicinal plants of southern India:
antioxidant activity and characterization studies. Journal of Biologically Active Products from Nature 6(2): 166-172.
https://doi.org/10.1080/22311866.2016.1191971.

Zhang D, Gong C, Wei H. 2008. Chemical constituents of the culture broth of Paenibacillus polymyxa HY96-2. Journal of East
China University of Science and Technology 34(1): 71.

Varsha KK, Devendra L, Shilpa G, Priya S, Pandey A, Nampoothiri KM. 2015. 2, 4-Di-tert-butyl phenol as the antifungal,
antioxidant bioactive purified from a newly isolated Lactococcus sp. International Journal of Food Microbiology 211: 44-
50. https://doi.org/10.1016/j.ijfoodmicro.2015.06.025.

Belghit S, Driche E H, Bijani C, Zitouni A, Sabaou N, Badji B, Mathieu F. 2016. Activity of 2, 4-Di-tert-butylphenol produced
by a strain of Streptomyces mutabilis isolated from a Saharan soil against Candida albicans and other pathogenic
fungi. Journal de Mycologie Medicale 26(2): 160-169. https://doi.org/10.1016/j.mycmed.2016.03.00.

Sang MK, Kim KD. 2012. The volatile-producing Flavobacterium johnsoniae strain GSE09 shows biocontrol activity against
Phytophthora capsici in pepper. Journal of Applied Microbiology 113(2): 383-398. https://doi.org/10.1111/j.1365-
2672.2012.05330.x.

Steiner G, Buhrer EM. 1934. Aphelenchoides xylophilus n. sp., a nematode associated with blue-stain and other fungi in
timber. Journal of Agricultural Research 48(10): 949-951.

Dharni S, Maurya A, Samad A, Srivastava S K, Sharma A, Patra DD. 2014. Purification, characterization, and in vitro activity
of 2, 4-di-tert-butylphenol from Pseudomonas monteilii PsF84: conformational and molecular docking studies. Journal of
Agricultural and Food Chemistry 62(26): 6138-6146. https://doi.org/10.1021/jf5001138.

Gong A, Li HP, Shen L, Zhang JB, Wu AB, He WJ, Yuan QS, He JD, Liao YC. 2015. The Shewanella algae strain YM8
produces volatiles with strong inhibition activity against Aspergillus pathogens and aflatoxins. Frontier Microbiology 6:
1091.

Wei JY, Li SB, Xu ZX, Han X, Yang MZ, Chen XL. 2013. Response of the toxic cyanobacterium Microcystis aeruginosa to
bacteria signaling molecules AHLs-change of volatile components production. In: Advanced Materials Research. Trans Tech
Publications Ltd. 718: 255-260. https://doi.org/10.4028/www.scientific.net/ AMR.718-720.255.

Padmavathi AR, Abinaya B, Pandian SK. 2014. Phenol, 2,4-bis(1,1-dimethylethyl) of marine bacterial origin inhibits quorum
sensing mediated biofilm formation in the uropathogen Serratia marcescens. Biofouling 30: 1111-1122.
doi: 10.1080/08927014.2014.972386.

Lenartowicz P, Kafarski P, Lipok J. 2015. The overproduction of 2, 4-DTBP accompanying to the lack of available form of
phosphorus during the biodegradative utilization of amino phosphonates by Aspergillus terreus. Biodegradation 26(1): 65-
76. doi: 10.1007/s10532-014-9716-z.


https://doi.org/10.3389/fpls.2016.00953
https://www.tandfonline.com/author/Klouche-Khelil%2C+Nihel
https://www.tandfonline.com/author/Klouche-Khelil%2C+Nihel
https://doi.org/10.1080/01490451.2018.1503377
https://doi.org/10.1016/j.micres.2016.05.010
https://doi.org/10.1080/22311866.2016.1191971
https://doi.org/10.1016/j.ijfoodmicro.2015.06.025
https://doi.org/10.1016/j.mycmed.2016.03.001
https://doi.org/10.1111/j.1365-2672.2012.05330.x
https://doi.org/10.1111/j.1365-2672.2012.05330.x
https://doi.org/10.1021/jf5001138

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45,

46.

47.

Canturk Z, Kocabiyik E, Ozturk N, Ilhan S. 2017. Evaluation of antioxidant and antiproliferative metabolites of Penicillium
flavigenum isolated from hypersaline environment: Tuz (Salt) Lake by Xcelligence technology. Microbiology 86(3): 346-
354, https://doi.org/10.1134/S0026261717030055.

Kumar KM, Poojari CC, Ryavalad C, Lakshmikantha RY, Satwadi PR, Vittal RR, Melappa G. 2017. Anti-diabetic activity of
endophytic fungi, Penicillium species of Tabebuia argentea; in silico and experimental analysis. Research Journal of
Phytochemistry 11: 90-110. DOI: 10.3923/rjphyt0.2017.90.110.

Zhao F, Wang P, Lucardi RD, Su Z, Li S. 2020. Natural sources and bioactivities of 2,4-Di-Tert-Butylphenol and its analogs.
Toxins (Basel) 12(1): 35. doi: 10.3390/toxins12010035.

Shaukat K, Affrasayab S, Hasnain S. 2006. Growth responses of Triticum aestivum to plant growth promoting rhizobacteria
used as a biofertilizer. Research Journal of Microbiology 1: 330-338.

Chuah TS, Norhafizah MZ, Ismail BS. 2015. Evaluation of the biochemical and physiological activity of the natural compound,
2, 4-ditert-butylphenol on weeds. Crop and Pasture Science 66(2): 214-223.

Halim NA, Razak SBA, Simbak N, Seng CT. 2017. 2, 4-Di-tert-butylphenol-induced leaf physiological and ultrastructural
changes in  chloroplasts of  weedy  plants. South  African  Journal of  Botany 112: 89-94.
https://doi.org/10.1016/j.5ajb.2017.05.022.

Chuah TS, Norhafizah MZ, Ismail S. 2014. Phytotoxic effects of the extracts and compounds isolated from Napiergrass
(Pennisetum purpureum) on Chinese Sprangletop (Leptochloa chinensis) germination and seedling growth in aerobic rice
systems. Weed Science 62(3): 457-467. DOI: https://doi.org/10.1614/WS-D-13-00128.1

Norhafizah ZM. 2014. Characterization and mode of action of phytotoxic compounds isolated from Pennisetum purpureum
(Napier grass). Ph. D Thesis, University Malaysia Terengganu, Kuala Terengganu, Malaysia.

Cui J, Zhang E, Zhang X, Wang Q, Liu Q. 2022. Effects of 2, 4-di-tert-butylphenol at different concentrations on soil
functionality and microbial community structure in the Lanzhou lily rhizosphere. Applied Soil Ecology 172: 104367.
https://doi.org/10.1071/CP13386.

Li GJ, Li JN. 2018. Comparison of the components in different parts of Dalbergia odorifera wood planted in Hainan by GC-
MS. Journal of Northwest Forest University 33: 172-178. doi: 10.3969/j.issn.1001-7461.2018.05.27.

Evangilene S, Uthandi S. 2022. A 16S rRNA amplicon approach to the structural and functional diversity of bacterial
communities associated with horse gram crop for drought mitigation and sustainable productivity. Journal of Applied
Microbiology 133(6): 3777-3789. https://doi.org/10.1111/jam.15814.

Bibi H, Hussain M, Jan G. 2021. Phytochemical analysis and antimicrobial activities of Kochia indica (Wight), plant growing
in District Karak Khyber Puhktunkhuwa, Pakistan. Pure and Applied Biology (PAB) 10(3): 789-796.
http://dx.doi.org/10.19045/bspab.2021.100081.

Maxam G, Rila J P, Dott W, Eisentraeger A. 2000. Use of bioassays for assessment of water-extractable ecotoxic potential of
soils. Ecotoxicology and Environmental Safety 45(3): 240-246. https://doi.org/10.1006/eesa.1999.1855

White PA, Claxton LD. 2004. Mutagens in contaminated soil: a review. Mutation Research/Reviews in Mutation
Research 567(2/3): 227-345.

Ferndndez MD, Vega MM, Tarazona JV. 2006. Risk-based ecological soil quality criteria for the characterization of
contaminated soils. Combination of chemical and biological tools. Science of the Total Environment 366(2/3): 466-484.
https://doi.org/10.1016/j.scitotenv.2006.01.013.

Russell DJ, McDuffie B. 1983. Analysis for phthalate esters in environmental samples: Separation from polychlorinated
biphenyls and pesticides using dual column liquid chromatography. International Journal of Environmental Analytical
Chemistry 15(3): 165-184. https://doi.org/10.1080/03067318308071916.


http://ascidatabase.com/author.php?author=Kamran%20Shaukat&mid=&last=
http://ascidatabase.com/author.php?author=Shazia%20Affrasayab&mid=&last=
http://ascidatabase.com/author.php?author=Shahida%20Hasnain&mid=&last=
https://doi.org/10.1016/j.sajb.2017.05.022
https://doi.org/10.1614/WS-D-13-00128.1
https://doi.org/10.1111/jam.15814
http://dx.doi.org/10.19045/bspab.2021.100081
https://doi.org/10.1006/eesa.1999.1855
https://doi.org/10.1016/j.scitotenv.2006.01.013
https://doi.org/10.1080/03067318308071916

